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Fossil biogenic apatite, including bone, teeth, fish scales, and conodonts, is abundant in many sedimentary rocks
and often contains ~10'-10* ppm of U and Th. Several previous studies, however, have found biogenic apatite He
dating unpromising because of apparently large He “loss” (rather than post-diagenetic U-Th mobility). We measured
ages and He diffusion in conodonts and fossil tooth enamel from a variety of settings. Both types of biogenic apatite are
characterized by nm- to um-scale crystallite or prism microstructures. He diffusion experiments in both suggest
activation energies similar to Durango apatite (28-31 kcal/mol), but conodonts and tooth enamel show Arrhenius trends
consistent with diffusion domain sizes (a) on the order of 10'-10? pm, and 107-10° wm, respectively. Apparent closure
temperatures (assuming d7/dz = 10 °C/Myr) are 58-67 °C for conodonts, and ~10-25 °C for enamel. Deviations from
simple Arrhenius trends in conodonts are also consistent with diffusive rounding of He profiles on the whole grain
scale.

Conodonts from two localities in Helena Canyon, Colorado and Tempiute Mtn., Nevada yield relatively
reproducible He cooling ages [57.5 + 1.9 Ma (2o, n=6) and 5.81 + 0.56 Ma (20, n=8), consistent with regional
thermochronology and a low closure temperature (<~100 °C). However, conodonts from several other localities yield
much more scattered ages, though still broadly consistent with regional cooling histories; preliminary evidence
suggests that acid dissolution of host rocks may affect U-Th, and/or He contents of conodonts.

Fossil tooth enamel from Miocene and Pliocene bovids and proboscideans have He ages ranging from 90 ka to 1.6
Ma. Multiple replicate analyses of fragments from individual specimens show much more restricted ranges and
consistent regional differences. Three samples from the Siwaliks (mean ann. 7 ~20-25 °C) have age ranges of 250-330
ka, 440-510 ka, and 90-240 ka, whereas two samples from Nebraska (mean ann. 7'~7-11 °C) have age ranges of 1.0-1.2
Ma and 1.0-1.6 Ma. Tooth enamel He ages can be understood by equilibrium production-diffusion of He in
microstructural domains on the order of 0.1-1.0 um. Equilibrium “ages” depend only on diffusion kinetics, domain size
(a), and temperature. Using values for the former two from diffusion experiments, the ~2-8x “age” difference between
Siwalik and Nebraska samples can be explained by long-term temperature differences of ~6-12 °C. If diffusion kinetics
and domain sizes (which appear to correspond to enamel prisms, not crystallites), can be well-constrained, He dating of
tooth enamel may provide an useful paleothermometer.

Reiners, P.W., Peppe, D., Bibi, F., and Nicolescu, S., 2006, He Diffusion in and (U-Th)/He Dating of Fossil
Tooth Enamel and Conodonts: Goldschmidt Conference 2006, S10-2.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


